Pockmarks are seafloor craters usually formed during methane release on continental 14 margins. However, the mechanisms behind their formation and dynamics remain elusive. 15 Here we report detailed investigations on one of the World's largest pockmark fields located 16 in the Troll region in the northern North Sea. Seafloor investigations show that >7000 17 pockmarks are present in a ~600 km 2 area. A similar density of pockmarks is likely present 18 over a 15,000 km 2 region outside our study area. Based on extensive monitoring, coring, 19 geophysical and geochemical analyses, no indications of active gas seepage were found. Still, 20 geochemical data from carbonate blocks collected from these pockmarks indicate a 21 methanogenic origin linked to gas hydrate dissociation and past fluid venting at the seafloor.
Randomness (CSR). Donnelly's edge correction (Donnelly, 1978) was applied. The average 119 nearest neighbour distance is 173.0 m, compared with 152.4 expected from CSR. CSR can 120 thus be rejected at p<0.0001 (t test). This indicates a lateral inhibition mechanism where 121 points tend to avoid each other. 122 Nearest neighbour analysis only gives information on the local scale. To investigate point 123 density at a range of scales, Ripley's K analysis was applied (Ripley, 1976) . The number R(d) 124 of points within circles of radius d centred on one point is computed, and averaged over all 125 points. For CSR, a quadratic R(d) is expected, as the number of points is proportional to area. give any indication of fractal geometry as might be expected from an underlying fractal 134 pattern of faults or cracks. 135 Local alignment of points along straight lines was assessed following Amorese et al. (1999) . 136 A rectangular blade with length 1.6 km was centred on each point, and rotated through a full 137 revolution. Point counts within these blades were compared with the expected count for CSR 138 and tested using a binomial distribution with a significance level of 0.05 (not corrected for 139 multiple comparison). The alignments were filtered using the dispersion index, mean index 140 and butterfly bow criteria of Amorese et al. (1999) . The linear alignment analysis is shown in 141 Fig. 2C . A strong preference for NNW-SSE orientation is evident in the rose plot, with an 142 average orientation of 347 degrees (geographical), random orientation rejected at p<0.01 143 (Rayleigh test). 144 Morphological parameters were computed as follows. For each position in the N=7243 data 145 set, a square with sides 150 m was extracted from the grid data, and smoothed with a 146 Gaussian filter. The local regional depth was estimated from the median depth of the corners. 147 The depth of the pockmark was estimated as the difference between the local depth and the 148 largest depth in the square. Automatic delineation of pockmarks is difficult, because the 149 depression continues gradually into the surrounding plain. For robustness, we simply defined 150 the pockmark as the area deeper than a threshold value set to 1.3 m below the local depth.
151
The diameter/depth calculations are summarized in Fig. 2D . The pockmark was edge-152 detected using the Canny algorithm and least squares fitted to an ellipse. Diameter was 153 computed as the geometric mean between the major and minor axes. The average orientation 154 of the major axes ( Fig. 2E ) is 347 degrees, the same value as for the lineaments described 155 above. Random orientation can be rejected at p<0.0001 (Rayleigh test). 
Preparation and TIMS U-Th analysis of carbonates 158
The carbonate blocks collected from the pockmarks contained a large fraction of detrital 159 material and were not suitable for regular U-Th dating. We performed TIMS U-Th analysis to 160 obtain isotopic ratios of 230 The sedimentation history was divided into 18 discrete events since the used software did not 208 allow a continuous sedimentation history. The hydrostatic pressure at the time of deposition 209 was used to define the corresponding hydrate stability vs temperature curves (Dickens and 210 Quinby-Hunt, 1994). The seafloor temperature was applied as a boundary condition to the 211 topmost layer that had been deposited at the appropriate time step. The depositional history 212 from Lehman and Keigwin (1992) was converted to calendar years using CALIB REV7.1.0 213 (Stuiver and Reimer, 1993) and the Marine 13 calibration curve (Reimer et al., 2013) . 214 The heat flux was kept constant but tuned to give a thermal gradient as found at present with 215 the present day stratigraphy and a temperature at the sea floor of 7°C and 13.8°C at 200 mbsf 216 (from unpublished borehole data).
217
The thermal conductivities were calculated as a function of quartz content, porosity and (Table 1A) , and the individual U-Th analyses cannot 279 provide reliable ages because of the detrital contamination. To resolve the contamination issue we used isochron plotting to obtain the detrital-free 230 Th/ 234 U and 234 U/ 238 U ratios ( Fig.   281 3, Table 1B ). The best-fitted isochron plot for the Troll samples (n=5) gives a U-Th age of 282 9.59 ± 1.38 ka ( Fig. 4A Table 1C ). This shows that the timing of methane seepage and thus Table 2 ). We have identified four different 290 units adjacent to the pockmarks (Fig. 1C ), and these are representative for the study area Besides giving an indication for the time of the pockmark formation, the calculated initial 314 234 U/ 238 U activity ratios (Table 1A) suggest that the carbonates precipitated from pore waters 315 with a composition different from seawater, and that the Troll samples thus have ratios more The model shows that the gas hydrates stability zone extended down to ~300 mbsf when the 327 area was covered by an ice stream, but that the stability zone was limited to Unit L3 (~75-110 328 mbsf) following glacial breakup mainly due to the drop in pressure due to loss of subglacial 329 water pressure. This unit, consisting of coarse sand and gravels, can potentially host a 
363
The fact that the gas release was synchronous throughout the area is supported by the vast 
Conclusions

402
Based on a multidisciplinary study from the Northern North Sea, we conclude that: 403  One of the World's largest pockmark fields is located in the Norwegian Channel in the 404 Northern North Sea. More than 7000 pockmarks have been found at the sea floor in a 405 broad region above and around the Troll gas field. The pockmark density is ~10/km 2 .
406
 The pockmarks do not show clustering, but rather neighbor avoidance, suggesting a 407 regional and well distributed sub-surface source of gas.
408
 Carbonate geochemistry and gas hydrate stability modelling shows that gas hydrate 409 dissociation is a likely triggering mechanism for the pockmarks. None of the 410 investigated pockmarks showed evidence for present-day activity and gas seepage. (Fleming et al, 1998) and estimated isostatic depression for points 3 to 7. For points 1 and 2 a subglacial water pressure corresponding to a head of water of 200 m water above sea level was used. All hydrate had melted for points 8, 9 and 10. Point no. refers to blue number in Fig. 4B Table: Table 4_sediment properties.pdf
